Wave Speed Estimation using Video Coastal Imagery by Zikra, Muhammad
  1 
Wave Speed Estimation using Video Coastal Imagery   
 
 
Muhammad Zikra 
 
Department of Ocean Engineering, Faculty of Marine Technology, Institute Technology of 
Sepuluh Nopember (ITS), Kampus Keputih Sukolilo, Surabaya 60000, email:mzikro@oe.its.ac.id 
 
 
Abstract: The nearshore is known as the dynamic zone which characterized by a dynamic 
interaction between waves and underlying bathymetry. The characteristic of bathymetry and its 
evolution are very important for coastal engineering applications and development. At present, 
advance video monitoring system technique allows to sample these data automatically, on along 
term basis and without the need to deploy in situ measurement in a hostile environment. This 
invention of new digital technology of images from video camera systems can provide information 
of the shoreward propagation of wave using pixel intensity time series. From this video intensity 
data, we can measure the wave speed. In this research study, the cross-correlation approach 
scheme is used to derive the wave speed from video remote observation data sets. This approach is 
based on maximum cross correlation between two neighboring pixels from each point in time 
series of pixel intensities (time stack). The result indicated that the cross-correlation formulation 
have capability to derive wave speed prediction by the mean of multiple estimated of time lag 
between two neighboring pixels.  
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INTRODUCTION 
 The nearshore is a region where several human activities take places, like recreation, 
fishing, navigation, etc. This area is characterized by a dynamic interaction between waves and 
underlying bathymetry. The breaking waves and current induce sediment transport updating the 
bed level condition. Then, the new update bathymetry provides feedback to the wave field and 
modifying the wave characteristic and induces more morphology change to the nearshore 
bathymetry. 
 The variations of eroding and accretion shoreline over time are as the result of the dynamic 
morphology change in the nearshore zone. These bathymetry changes can occur on temporal time 
scale (hours to decades) and spatial scales (meters to kilometers) with different degree of 
complexity. Thus, it is important to understanding the process in this region to improve shoreline 
management and to increase safety for human activities such as safety against flooding, recreation 
safety or naval operations. 
 The bottom topography has become an important key component beside wave 
hydrodynamic and sediment transport to understanding the process in the nearshore zone. Good 
quality bathymetry information is hence required in order to identify correctly the physical 
processes that are taking place. However, bathymetric data collection by in situ measurement is 
not easy task. Combination of traditional in situ survey method and advanced techniques such as 
global position systems and modern ship vehicles are expensive in labour, time and money. 
Added, in situ survey measurements have limitation on spatial and temporal resolutions. 
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 Recently, the invention of new digital technology of images form video camera systems 
now can provide and improve the additional capability of automated data collections. The 
automated data collections have much greater range of time and spatial scales than were 
previously possible before. Collection  of  long-term  data  sets  of  wave  characteristics  and  
bathymetry  with  high resolution in time is a prerequisite  to  improve our understanding of 
nearshore coastal dynamics.  
 In advanced, video monitoring systems allow to sample these data automatically, on a  long-
term  basis  and  without  the  need  to  deploy  in  situ  instruments  in  a  hostile environment. In 
2000, a technique was developed to derive wave speed from time series of pixel intensities 
(Stockdon and Holman, 2000) to quantify nearshore bathymetry. This technique was successfully 
tested against field data collected at Duck coast, North California, USA. In this research paper, a 
new analysis technique is developed to determine wave phase speed from coastal video 
observation system using cross-correlation analysis formulation (Zikra, 2008) as opposed to the 
cross-spectral technique which was developed by Stockdon and Holman (2000).  
 
 
METHODOLOGY  
 Basically this research project is carried out in three stages. The first stage is literature study 
on Argus video system. Secondly, data collection is carried out through field experiment. The last 
stage involves analysis and interpretation of collected data from the field measurements. 
 The analysis of wave celerity from pixel intensity images (timestacks) were performed with 
data collected at Egmond and Zee along the Dutch sea coast. The field experiment was carried out 
from 20 September 2007 until 29 October 2007. During this field campaign data were 
simultaneously collected by video (hourly timestack images) and in situ wave instruments in the 
intertidal zone. During the field campaign mostly mild wave conditions occurred and complex, 
highly irregular beach morphology was noticed. The final dataset consists of 2.5 days of good 
quality timestacks at hourly intervals and concurrent in situ measurements (water level, wave 
height, period and direction). Wave data sampled from an offshore buoy at 21 m water depth are 
used for ground-truthing the deeper optical instruments (outside the intertidal area).  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Location of the Egmond site (Source: adopted from Aarninkhof, 1999) 
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RESULT AND DISCUSSION  
Argus video system 
The Argus video program is first initiated by the Coastal Imaging Lab of Oregon State 
University (USA). Since 1980, The Argus system have been improved and developed 
continuously for purposes to study of coastal processes in the nearshore zone. In addition, 
approximately more than 30 monitoring stations are running in worldwide now (Holman and 
Stanley, 1991).   
An Argus monitoring station typically consists of five video cameras, spanning a 180o view 
and full covering about 4 to 6 kilometres of beach area which depends on the elevation and the 
length of the camera lenses. Unmanned, automated video stations guarantee the collection of video 
data at sites of scientific interest. The cameras are mounted on a high location along the coast and 
connected with computer on site which has internet connection to communicate to the outside 
world. Data sampling is measured usually hourly during daylight and continues during rough 
weather conditions although any schedule can be specified.  
Usually three types of images are collected form Argus camera every hour which consist of 
a snapshot, time exposure and variance image (see Figure 2). Firstly, a snapshot image serves as 
simple documentation of the ambient conditions but offers little quantitative information. 
Secondly, the time exposure images provide us with much more information. These ten minute 
time exposure of the nearshore wave field average out natural modulations in wave breaking to 
reveal a smooth pattern of bright image intensities which are a proxy for the underlying, 
submerged sand bar topography (Lippmann and Holman, 1989 and Van Enckevort and Ruessink, 
2003). The third type, the variance images show the variance of the light intensity signal during 
the same ten minutes of time exposure. Variances images help identify regions which are changing 
in time (like the sea surface) from those which may be bright but are unchanging (like the dry 
beach). 
 
 
 
 
 
 
 
 
 
a      b 
 
 
 
 
 
 
 
 
 
c 
Figure 2. Video images of Egmond station, Netherlands field site on 26 Oct 2007              
                a) Snapshot image, b) Time exposure, c) Variance image 
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Timestack 
Besides standard images above, data sampling schemes can be designed such to collect time 
series of pixel intensities, typically at 2 Hz. From this pixel intensity time series, wave 
characteristics can be derived. Time series of pixel intensities can be sampled along a cross-shore 
or alongshore array.  
 
 
 
Figure 3. Plan view of study area with pixel array design. The red dots represent bathy array 
design to create timestack data 
 
By choosing a line of pixels perpendicular to the shore (array) and taking the data from 
those pixels multiple times a second (time series of pixel intensities), a time stack is created. The 
resulting data collection, I(t, x, y) yields a time stack image (see Figure 6). From these time series 
the shoreward propagation of waves (wave celerity) can be measured through cross-correlation 
technique.  
 
Figure 4.  Timestack image at Egmond aan Zee, 26 October 2007, 9.15 GMT. The white band   
                     reflects the foam of breaking waves which start at distance around y = 300 m onshore 
                     direction.  
 
Wave celerity from video 
The cross-shore wave celerity is determined from analysis of cross shore arrays of pixel 
intensity time series (timestack) using cross-correlation method. This analysis will provide a 
correlation between two time series of random data set to describe the general dependence of the 
value of one set of data on the other.  
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In this step, the pixel intensity time series data (timestack data) will be used to estimate 
wave celerity based on cross-correlation technique. The cross correlation will used to estimate the 
time lag between two time series in the neighbouring pixel point from each point in the stack. The 
cross correlation between pixels point z and y in these two time series is determined by equation 
(Bendat and Piersol, 1986); 
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where ( )τyzR  is the autocorrelation function ( )τyyR  displaced by the time delay 0τ ; yσ and 
zσ are the standard deviation of  y and z ; and ( )τρ yz  is the degree of linier dependence between 
z(t) and y(t) for time-shifting (or displacement of τ ) the one data set relative to the other data set.           
By defining the timelag belonging to the positive maximum cross correlation between two 
time series in two neighbouring points, the celerity in x-direction  ( xc ) along cross-shore array can 
be calculated by equation: 
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where x∆ is the distance between point z and y and the lag max represents the time lag belonging 
to the maximum correlation between point z and y.  
The results of the cross-correlation versus time displacement between two time series along 
the array are shown in figure 5 for cross-shore array at y = -300m. Figure 6 shows the result of 
wave speed estimate from cross-correlation analysis at cross-shore array y = -300m.  
 
 
 
 
 
 
 
 
 
 
Figure 5. Estimation of time lag corresponding to the maximum cross-correlation between pixel 
intensity time series along the cross shore array from x=100m to x=500m. The red and 
green dots represent plus and minus the standard deviation of the time lag.   
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Figure 6. Estimation of wave speed in x-direction (Cx) using multiple timestacks at x = -300m 
corresponding to the maximum cross - correlation along the cross shore array from 
x=0m to x=500m. The black lines represent the mean of wave speed estimate from 
several timestacks and the dash lines represent plus and minus the standard deviation of 
wave speed estimate. The blue and green dots indicate the wave speed estimate from 
different timestack along cross shore array.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9.  Wave celerity map (Cx) based on cross-correlation method 
 
 
CONCLUSIONS 
The research study had the main objective to test a cross-correlation model for the retrieval 
of wave speed using remotely sensed dataset records from Egmond field site. From the analysis of 
timestacks at Egmond station, the result indicated that the cross-correlation formulation have 
capability to derive wave speed prediction by the mean of multiple estimated of time lag between 
two neighboring pixels.  
Analysis of the standard deviation shows that performance of the model decreasing at 
breaking area and shoaling zone. It is indicated by the broader error along breaking zone and 
shoaling region. The error near the shoreline can be affected by nonlinearity of wave travelling 
after wave breaking. Meanwhile, in the shoaling region may be explained by the fact that these 
pixel points are situated at increased distance from camera.  
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However, this result does not necessarily mean that this method is providing the correct 
answer for the wave speed prediction from the signal of intensity using coastal video observations, 
because the results of wave speed estimate need to compare and to calibrate with in situ 
bathymetry measurement in further research.  
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